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(54) BLOOD PURIFICATION APPARATUS

(57)  To provide a blood purification apparatus in
which the hot-water-disinfection time can be optimized
with consideration for environmental conditions. A blood
purification apparatus provided with a dialyzer 2 for giving
dialysis treatment to a patient, and with a tube for intro-
ducing dialysate into or discharging drain liquid from the
dialyzer 2. The apparatus includes a thermistor 9 that is
capable of detecting an environmental condition ata time

of a hot-water-disinfection process in which the tube is
disinfected with hot water or a parameter regarding the
environmental condition, and an estimating device 11
that estimates a hot-water-disinfection time required for
the hot-water disinfection of the tube in accordance with
the environmental condition or the parameter regarding
the environmental condition detected by thermistor 9.
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Description
Technical Field

[0001] The presentinvention relates to a blood purifi-
cation apparatus provided with ablood purification device
for giving dialysis treatment to a patient, and with a tube
for introducing dialysate into or discharging drain liquid
from the blood purification device.

Background Art

[0002] In general, a dialysis apparatus serving as a
blood purification apparatus intended for dialysis treat-
ment is provided with tubes, such as a dialysate intro-
duction line and a dialysate drain line, for introducing di-
alysate into a dialyzer (a blood purification device) con-
nected to a blood circuit and for discharging the dialysate
containing waste products resulting from the dialysis from
the dialyzer. The dialysate introduction line and the dia-
lysate drain line are connected at the distal ends thereof
to a dialysate inlet and a dialysate outlet, respectively, of
the dialyzer. Furthermore, the dialysate introduction line
is connected at the proximal end thereof to a dialysate-
supplying device. Thus, the dialysate is allowed to be
supplied to the dialyzer.

[0003] Insuchablood purification apparatus, the tubes
such as the dialysate introduction line and the dialysate
drain line are disinfected by washing prior to the dialysis
treatment. In recent years, a hot-water-disinfection proc-
ess in which hot water (with citric acid) is used as a wash-
ing-and-disinfection solution has been becoming popu-
lar. As disclosed by PTL 1, for example, such a known
blood purification apparatus includes a circulation tube
for forming a circulation flow route that allows liquid
(washing water) to circulate in the hot-water-disinfection
process, a heater (a heating device) capable of heating
the liquid that circulates through the circulation flow route
and generating hot water thatis atatemperature required
for hot-water disinfection, and a thermistor (a tempera-
ture-measuring device) capable of measuring the tem-
perature of the liquid heated by the heater. The tubes are
disinfected with hot water by causing the hot water at a
predetermined temperature to circulate through the cir-
culation flow route for a period of time required for hot-
water disinfection.

Citation List
Patent Literature

[0004] PTL 1: Japanese Unexamined Patent Applica-
tion Publication No. 2014-097197
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Summary of Invention
Technical Problem

[0005] The above known blood purification apparatus
has the following problem.

[0006] The hot-water disinfection of tubes greatly de-
pends on environmental conditions at the time of the hot-
water-disinfection process. Therefore, the hot-water-dis-
infection time and so forth are set such that a satisfactory
level of disinfection effect can be obtained even under
the worst environmental conditions. That is, assuming
that environmental conditions, such as the heating func-
tion of the heater (the power-source voltage); the supply
water temperature; and the ambient temperature, are all
at the worst levels in terms of generating hot water suit-
able for hot-water disinfection, a long hot-water-disinfec-
tion time estimated for the worst conditions is set so that
a satisfactory level of hot-water-disinfection effect is
guaranteed.

[0007] However, the hot-water-disinfection time that is
set as described above tends to be greatly different from
the hot-water-disinfection time that is required under nor-
mal environmental conditions. Therefore, the hot-water-
disinfection time thus set tends to be excessively long.
That is, in the known technique, hot-water disinfection
cannot be performed efficiently, which may increase the
power consumption and the heat stress given to compo-
nents such as filters provided to the tubes. Hence, to
make the hot-water-disinfection process more efficient,
the hot-water-disinfection time needs to be optimized
with consideration for environmental conditions.

[0008] The present invention has been conceived in
view of the above circumstances and provides a blood
purification apparatus in which the hot-water-disinfection
time can be optimized with consideration for environmen-
tal conditions. Solution to Problem

[0009] According to the invention of Claim 1, there is
provided a blood purification apparatus provided with a
blood purification device for giving dialysis treatment to
a patient, and with a tube for introducing dialysate into
or discharging drain liquid from the blood purification de-
vice. The apparatus includes a detecting device that is
capable of detecting an environmental condition at a time
of a hot-water-disinfection process in which the tube is
disinfected with hot water or a parameter regarding the
environmental condition, and an estimating device that
estimates a hot-water-disinfection time required for the
hot-water disinfection of the tube in accordance with the
environmental condition or the parameter regarding the
environmental condition detected by the detecting de-
vice.

[0010] According to the invention of Claim 2, the blood
purification apparatus according to Claim 1 further in-
cludes a calculating device that calculates, from the hot-
water-disinfection time estimated by the estimating de-
vice, a completion time of the hot-water disinfection or a
remaining time before a completion of the hot-water dis-
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infection.

[0011] According to the invention of Claim 3, the blood
purification apparatus according to Claim 1 or 2 further
includes a circulation tube for forming a circulation flow
route that allows liquid to circulate in the hot-water-dis-
infection process, a heating device capable of heating
the liquid circulating through the circulation flow route
and generating hot water at a temperature required for
hot-water disinfection, and a temperature-measuring de-
vice capable of measuring a temperature of the liquid
heated by the heating device. The detecting device is the
temperature-measuring device, and a value measured
by the temperature-measuring device is the parameter
regarding the environmental condition.

[0012] According to the invention of Claim 4, in the
blood purification apparatus according to Claim 3, the
heating device and the temperature-measuring device
are provided to the circulation flow route.

[0013] According to the invention of Claim 5, in the
blood purification apparatus according to Claim 4, the
temperature-measuring device is provided on a down-
stream side of the heating device.

[0014] According to the invention of Claim 6, in the
blood purification apparatus according to Claim 5, the
temperature-measuring device is provided on the down-
stream side of and near the heating device.

[0015] According to the invention of Claim 7, in the
blood purification apparatus according to any of Claims
4 to 6, the estimating device has a table created for ob-
taining the hot-water-disinfection time from the value
measured by the temperature-measuring device. The ta-
ble is prepared in accordance with a correlation, under
a certain environmental condition, between the value
measured by the temperature-measuring device and a
temperature at a position of the circulation flow route that
is on a downstream side of the temperature-measuring
device and on the upstream side of the heating device.
[0016] According to the invention of Claim 8, in the
blood purification apparatus according to any of Claims
4 to 6, the estimating device has a table created for ob-
taining the hot-water-disinfection time from the value
measured by the temperature-measuring device. The ta-
ble is prepared in accordance with a correlation, under
a certain environmental condition, between the value
measured by the temperature-measuring device and a
temperature at a position of the circulation flow route that
is on a downstream side of the temperature-measuring
device and on the upstream side of and near the heating
device.

[0017] According to the invention of Claim 9, in the
blood purification apparatus according to any of Claims
4 to 6, the estimating device has a table created for ob-
taining the hot-water-disinfection time from the value
measured by the temperature-measuring device. The ta-
ble is prepared in accordance with a correlation, under
a certain environmental condition, between the value
measured by the temperature-measuring device and a
temperature at a position of the circulation flow route
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where a rise of the temperature with the heating by the
heating device is slow.

[0018] According to the invention of Claim 10, in the
blood purification apparatus according to any of Claims
7 t0 9, at least one of the environmental conditions sum-
marized in the table is identifiable from the value meas-
ured by the temperature-measuring device.

Advantageous Effects of Invention

[0019] According to the invention of Claim 1, the blood
purification apparatus includes the detecting device that
is capable of detecting the environmental condition atthe
time of the hot-water-disinfection process in which the
tube is disinfected with hot water or the parameter re-
garding the environmental condition, and the estimating
device that estimates the hot-water-disinfection time re-
quired for the hot-water disinfection of the tube in accord-
ance with the environmental condition or the parameter
regarding the environmental condition detected by the
detecting device. Therefore, the hot-water-disinfection
time can be optimized with consideration for the environ-
mental conditions.

[0020] According to the invention of Claim 2, the blood
purification apparatus further includes the calculating de-
vice that calculates, from the hot-water-disinfection time
estimated by the estimating device, the completion time
of the hot-water disinfection or the remaining time before
the completion of the hot-water disinfection. Therefore,
the operator can recognize the completion time of the
hot-water-disinfection process or the remaining time be-
fore the completion of the hot-water-disinfection process.
[0021] According to the invention of Claim 3, the blood
purification apparatus further includes the circulation
tube for forming the circulation flow route that allows the
liquid to circulate in the hot-water-disinfection process,
the heating device capable of heating the liquid circulat-
ing through the circulation flow route and generating hot
water at a temperature required for hot-water disinfec-
tion, and the temperature-measuring device capable of
measuring the temperature of the liquid heated by the
heating device. The detecting device is the temperature-
measuring device, and the value measured by the tem-
perature-measuring device is the parameter regarding
the environmental condition. Therefore, the required hot-
water-disinfection time can be estimated by using the
temperature-measuring device that is intended for meas-
uring the temperature of the tube during the blood puri-
fication treatment.

[0022] According to the invention of Claim 4, the heat-
ing device and the temperature-measuring device are
provided to the circulation flow route. Therefore, the re-
quired hot-water-disinfection time can be estimated by
using the heating device and the temperature-measuring
device.

[0023] According to the invention of Claim 5, the tem-
perature-measuring device is provided on the down-
stream side of the heating device. That is, the tempera-
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ture-measuring device is provided at a position where
the rise of the temperature with the heating by the heating
device is quick. Hence, the required hot-water-disinfec-
tion time can be estimated more quickly.

[0024] According to the invention of Claim 6, the tem-
perature-measuring device is provided on the down-
stream side of and near the heating device. That is, the
temperature-measuring device is provided at a position
where the rise of the temperature with the heating by the
heating device is quicker. Hence, the required hot-water-
disinfection time can be estimated much more quickly.
[0025] According to the invention of each of Claims 7
to 9, the estimating device has the table created for ob-
taining the hot-water-disinfection time from the value
measured by the temperature-measuring device. The ta-
ble is prepared in accordance with the correlation, under
a certain environmental condition, between the value
measured by the temperature-measuring device and the
temperature at the position of the circulation flow route
that is on the downstream side of the temperature-meas-
uring device and on the upstream side of the heating
device (or on the upstream side of and near the heating
device) (or the temperature at the position of the circu-
lation flow route where the rise of the temperature with
the heating by the heating device is slow). Therefore, the
required hot-water-disinfection time can be estimated
more precisely and more smoothly.

[0026] According to the invention of Claim 10, at least
one of the environmental conditions summarized in the
table is identifiable from the value measured by the tem-
perature-measuring device. That is, the estimation can
be made without the consideration for the other environ-
mental conditions summarized in the table. Therefore,
the required hot-water-disinfection time can be estimated
more precisely and more quickly.

Brief Description of Drawings
[0027]

[Fig. 1] Fig. 1 is a schematic diagram illustrating a
blood purification apparatus according to an embod-
iment of the present invention (with a blood circuit
connected thereto).

[Fig. 2] Fig. 2 is a perspective view illustrating the
appearance of a dialysis-apparatus body included in
the blood purification apparatus.

[Fig. 3] Fig. 3 is a schematic diagram illustrating the
blood purification apparatus (when a hot-water-dis-
infection process is performed).

[Fig. 4] Fig. 4 is a schematic diagram illustrating a
table stored in an estimating device included in the
blood purification apparatus.

[Fig. 5]Fig.5is aschematic diagramillustrating items
displayed on a monitor screen included in the blood
purification apparatus.

[Fig. 6] Fig. 6 is a schematic diagram illustrating a
blood purification apparatus according to another
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embodiment of the presentinvention (in which a ther-
mistor is provided on the upstream side of a heater).
[Fig. 7] Fig. 7 is a schematic diagram illustrating a
blood purification apparatus according to yet another
embodiment of the present invention (in which ther-
mistors are provided on the upstream side and the
downstream side, respectively, of the heater).

[Fig. 8] Fig. 8 is a schematic diagram illustrating a
blood purification apparatus according to yet another
embodiment of the present invention (in which ther-
mistors are provided near the distal ends of a dia-
lysate introduction line and a dialysate drain line, re-
spectively).

[Fig. 9] Fig. 9 is a schematic diagram illustrating a
blood purification apparatus according to yet another
embodiment of the presentinvention (in which a ther-
mistor is provided to a circulation tube).

[Fig. 10] Fig. 10 is a schematic diagram illustrating
a blood purification apparatus according to yet an-
other embodiment of the present invention (in which
a voltmeter is a detecting device).

Description of Embodiments

[0028] Embodiments of the present invention will now
be described specifically with reference to the drawings.
[0029] A blood purification apparatus according to an
embodiment is intended for purifying the blood of a pa-
tient while extracorporeally circulating the blood and is
applied to a hemodialysis apparatus used in hemodialy-
sis treatment. The hemodialysis apparatus basically in-
cludes, asiillustrated in Fig. 1, a blood circuit 1 (an arterial
blood circuit 1a and a venous blood circuit 1b), a dialyzer
2 serving as a blood purification device, a dialysate in-
troduction line L1 connectable to the dialyzer 2 and al-
lowing dialysate to be introduced into the dialyzer 2, a
dialysate drain line L2 connectable to the dialyzer 2 and
allowing drain liquid from the dialyzer 2 to be discharged,
connecting tools C1 and C2 (each being a connecting
tool called "coupling"), a control device 10, an estimating
device 11, and a calculating device 12.

[0030] The blood circuit 1 basically includes the arterial
blood circuit 1a and the venous blood circuit 1b that are
each made of a flexible tube. The dialyzer 2 is provided
between the arterial blood circuit 1a and the venous blood
circuit 1b. The arterial blood circuit 1a is provided at the
distal end thereof with a connector a to which an arterial
puncture needle is connectable, and at a halfway position
thereof with a peristaltic blood pump 3. The venous blood
circuit 1b is provided at the distal end thereof with a con-
nector b to which a venous puncture needle is connect-
able, and at a halfway position thereof with an air-trap
chamber 4 for bubble removal.

[0031] When the blood pump 3 is activated with the
arterial puncture needle and the venous puncture needle
being stuck in the patient, the blood of the patient flows
through the arterial blood circuit 1a into the dialyzer 2,
where the blood is purified and ultrafiltered. Then, the
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blood flows through the venous blood circuit 1b while
undergoing bubble removal in the air-trap chamber 4,
and returns into the body of the patient. Thus, the blood
of the patient can be purified by the dialyzer 2 while being
made to extracorporeally circulate through the blood cir-
cuit.

[0032] Thedialyzer2 has, in ahousing thereof, a blood
introduction port 2a, a blood delivery port 2b, a dialysate
introduction port 2c, and a dialysate delivery port 2d. The
proximal end of the arterial blood circuit 1a is connected
to the blood introduction port 2a. The proximal end of the
venous blood circuit 1b is connected to the blood delivery
port 2b. The dialysate introduction port 2c and the dia-
lysate delivery port 2d are connected to the dialysate
introduction line L1 and the dialysate drain line L2 with
the connecting tools C1 and C2 interposed therebe-
tween, respectively.

[0033] The dialyzer 2 houses a plurality of hollow fib-
ers. The hollow fibers each provide a blood flow route
thereinside. A space between the outer peripheral sur-
face of each of the hollow fibers and the inner peripheral
surface of the housing serves as a dialysate flow route.
The hollow fibers each have a number of very small holes
(pores) extending therethrough from the outer peripheral
surface to the inner peripheral surface, thereby forming
hollow fiber membranes. Hence, waste products, exces-
sive water, and the like contained in the blood are allowed
to penetrate through the membranes into the dialysate.
[0034] The dialysate introduction line L1 and the dia-
lysate drain line L2 are connected to a duplex pump 5
that delivers the dialysate prepared to have a predeter-
mined concentration to the dialyzer 2 and discharges
waste products and the like together with the dialysate
from the dialyzer 2. Specifically, the duplex pump 5 is
provided over the dialysate introduction line L1 and the
dialysate drain line L2. When the duplex pump 5 is acti-
vated, the dialysate can be introduced into the dialyzer
2 through the dialysate introduction line L1 while being
discharged fromthe dialyzer 2 through the dialysate drain
line L2.

[0035] The dialysate introduction line L1 is provided
with electromagnetic valves V1 and V2 and filtration filter
7. The dialysate to be introduced into the dialyzer 2 can
be filtered by the filtration filter 7, and the flow route of
the dialysate is closable or openable with an arbitrary
timing by the electromagnetic valves V1 and V2. On the
other hand, the dialysate drain line L2 is provided with
electromagnetic valves V3 and V4. The flow route is clos-
able or openable with an arbitrary timing by the electro-
magnetic valves V3 and V4.

[0036] The dialysate introduction line L1 and the dia-
lysate drain line L2 are each connected to bypass lines
L4 and L5 on a side of the duplex pump 5 that is nearer
to the dialyzer 2 and on the other side of the duplex pump
5. The bypass lines L4 and L5 are each communicable
with the dialysate introduction line L1 and with the dia-
lysate drain line L2. The bypass lines L4 and L5 are pro-
vided with electromagnetic valves V5 and V6, respec-
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tively, that are capable of opening and closing the re-
spective flow routes. The dialysate drain line L2 is con-
nected to a detour line L3 that detours the duplex pump
5. The detour line L3 is provided with an ultrafiltration
pump 6. Hence, when the ultrafiltration pump 6 is acti-
vated while the blood of the patient is made to extracor-
poreally circulate through the blood circuit, ultrafiltration
in which water is removed from the blood flowing through
the dialyzer 2 can be performed.

[0037] The dialysate introduction line L1 and the dia-
lysate drain line L2 according to the present embodiment
are provided at the distal ends thereof with the connecting
tools C1and C2, respectively. When the connecting tools
C1 and C2 are connected to each other (see Fig. 3), the
dialysate introduction line L1 and the dialysate drain line
L2 form a closed circuit. When the connecting tools C1
and C2 thus connected are disconnected from each oth-
er, the closed circuit is opened, allowing the connecting
tools C1 and C2 to be connected to the dialyzer 2 (see
Fig. 1).

[0038] Referring to Fig. 3, in a hot-water-disinfection
process, the bypass line L5 according to the present em-
bodiment serves as a circulation tube for forming a cir-
culation flow route through which liquid (water) can be
made to circulate. Specifically, as illustrated in Fig. 3, a
circulation flow route for allowing the liquid to circulate
therethrough can be formed by connecting the connect-
ing tools C1 and C2 to each other to form a closed circuit,
with the electromagnetic valves V1 and V4 being closed
and the electromagnetic valve V6 being open (the state
is changeable by opening or closing each of the electro-
magnetic valves V2, V3, and V5 with an arbitrary timing,
between a state where the bypass line L4 forms part of
the circulation flow route and a state where the flow route
on the side having the connecting tools C1 and C2 forms
part of the circulation flow route).

[0039] The dialysate introduction line L1 is further pro-
vided with a heater 8 serving as a heating device and a
thermistor 9 serving as a temperature-measuring device
between the point of connection thereof to the bypass
line L5 (the circulation tube) and the point of connection
thereof to the duplex pump 5. When the heater 8 is acti-
vated by being powered, the liquid circulating through
the circulation flow route formed by the bypass line L5
(the circulation tube) is heated, whereby hot water at a
temperature required for hot-water disinfection can be
generated. The thermistor 9 is a sensor capable of meas-
uring the temperature of the liquid heated by the heater 8.
[0040] As illustrated in Fig. 2, the hemodialysis appa-
ratus according to the present embodiment includes a
dialysis-apparatus body H. The dialysis-apparatus body
H includes a monitor screen M for displaying information
such as settings for the treatment and the patient’s con-
dition during the treatment, a syringe pump S, a warning
lamp R, and so forth. The dialysis-apparatus body H is
provided with the duplex pump 5, the blood pump 3, and
the tubes such as the dialysate introduction line L1 and
the dialysate drain line L2. Note that the term "tubes"
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according to the present embodiment include not only
the dialysate introduction line L1 for introducing the dia-
lysate into the dialyzer 2 and the dialysate drain line L2
for discharging the drain liquid from the dialyzer 2 but
also other tubes through each of which the dialysate or
the drain liquid flows.

[0041] The controldevice 10 is a microcomputer or the
like provided in the dialysis-apparatus body H and is ca-
pable of controlling the opening/closing of the electro-
magnetic valves (V1 to V6) before, after, and during the
treatment, and the operations of actuators provided for
the duplex pump 5, the ultrafiltration pump 6, and others.
Furthermore, the control device 10 is capable of control-
ling the heater 8 during the dialysis treatment to heat the
dialysate to be introduced into the dialyzer 2 to an ap-
propriate temperature while controlling the thermistor 9
to measure the temperature of the dialysate and control-
ling the operation of the heater 8.

[0042] In particular, at the time of the hot-water-disin-
fection process in which the tubes are disinfected with
hot water, the control device 10 according to the present
embodiment controls the opening and closing of the elec-
tromagnetic valves (V1 to V6) to form the circulation flow
route illustrated in Fig. 3, and activates the heater 8,
whereby hot water at a temperature required for hot-wa-
ter disinfection can be generated. The present embodi-
ment employs the circulation tube (the bypass line L5)
for forming, at the time of the hot-water-disinfection proc-
ess, the circulation flow route that allows the liquid to
circulate therethrough, the heating device (the heater 8)
capable of heating the liquid circulating through the cir-
culation flow route and thus generating hot water at a
temperature required for hot-water disinfection, and the
temperature-measuring device (the thermistor 9) capa-
ble of measuring the temperature of the liquid heated by
the heating device. Hence, the temperature of the liquid
heated by the heater 8 while being made to circulate
through the circulation flow route can be measured in
real time by the thermistor 9.

[0043] The blood purification apparatus according to
the present embodiment includes the detecting device
(the thermistor 9) that is capable of detecting environ-
mental conditions at the time of the hot-water-disinfection
process, in which the tubes provided in the dialysis-ap-
paratus body H are disinfected with hot water, or param-
eter regarding the environmental conditions; the estimat-
ing device 11 that estimates the hot-water-disinfection
time required for the hot-water disinfection of the tubes
in accordance with the environmental conditions or the
parameter regarding the environmental conditions de-
tected by the detecting device; and the calculating device
12 that calculates the completion time of the hot-water
disinfection from the hot-water-disinfection time estimat-
ed by the estimating device 11.

[0044] The environmental conditions at the time of the
hot-water-disinfection process referto conditions for gen-
erating hot water at a temperature required for hot-water
disinfection performed by heating the liquid in the tubes
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(the circulation flow route in the present embodiment) by
using the heater 8 (the heating device). For example, the
followings can be named: the power-source voltage (the
input voltage of the heater 8), the supply water temper-
ature (the temperature of water to be introduced from the
dialysate introduction line L1), the ambient temperature
(the temperature around the dialysis-apparatus body H),
and so forth. The parameter regarding the environmental
conditions refer to any parameter directly or indirectly
affected by the above environmental conditions. For ex-
ample, the followings can be named: the value measured
by the thermistor 9 (the temperature-measuring device),
the thermal capacity of the heater 8, the capacity of the
tubes, the individual differences among components pro-
vided to the tubes (the difference in pressure loss, the
state of fitting of assembled components, etc.), and so
forth.

[0045] The detecting device according to the present
embodiment is the thermistor 9 (the temperature-meas-
uring device) capable of measuring the temperature of
the liquid in a tube (the water introduced into the dialysate
introduction line L1) that is heated by the heater 8 (the
heating device). The detecting device is capable of de-
tecting the temperature of the liquid heated by the heater
8, the temperature being a parameter affected by the
environmental conditions. That is, according to the
present embodiment, the detecting device corresponds
to the thermistor 9 (the temperature-measuring device),
and the value measured by the thermistor 9 corresponds
to the parameter regarding the environmental conditions.
Furthermore, the thermistor 9 according to the present
embodiment is provided on the downstream side of the
heater 8 (specifically, a position on the downstream side
of and near the heater 8), so that changes in the temper-
ature (the rise of the temperature) of the liquid heated by
the heater 8 can be detected immediately.

[0046] The estimating device 11 is a microcomputer or
the like provided in the dialysis-apparatus body H and is
configured to estimate the hot-water-disinfection time re-
quired for the hot-water disinfection of the tube in accord-
ance with the value measured by the thermistor 9 (the
parameter regarding the environmental conditions). Spe-
cifically, as summarized in Fig. 4, the estimating device
11 according to the present embodiment has a table for
obtaining the hot-water-disinfection time from the value
measured by the thermistor 9. The table is prepared in
accordance with the correlation, under certain environ-
mental conditions, between the value measured by the
thermistor 9 (the temperature-measuring device) and the
temperature at a position of the circulation flow route that
is on the downstream side of the thermistor 9 and on the
upstream side of the heater 8 (the heating device), or
preferably a position of the circulation flow route that is
on the downstream side of the thermistor 9 and on the
upstream side of and near the heater 8 (the heating de-
vice), or more preferably a position of the circulation flow
route where the rise of the temperature with the heating
by the heater 8 (the heating device) is slow, or particularly
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preferably a position of the circulation flow route where
the rise of the temperature with the heating by the heater
8 (the heating device) is slowest.

[0047] The above tableis obtained from an experiment
or the like conducted in advance with the blood purifica-
tion apparatus to be used. In the experiment, the envi-
ronmental conditions, which are the power-source volt-
age (the input voltage of the heater 8); the supply water
temperature; and the ambient temperature, are each
changed to any value between the upper limit and the
lower limit, and the temperature (the time elapsed before
the temperature rises to a predetermined temperature
X°C, the degree of temperature rise in X minutes, or the
like) is measured by the thermistor 9 under each of dif-
ferent sets of environmental conditions. Meanwhile, the
following correlation is acquired in advance through an
experiment or the like: the correlation, under each of the
different sets of environmental conditions, between the
value measured by the thermistor 9 (the time elapsed
before the temperature rises to a predetermined temper-
ature X°C, the degree of temperature rise in X minutes,
or the like) and the temperature at a position of the cir-
culation flow route that is on the downstream side of the
thermistor 9 and on the upstream side of the heater 8, or
preferably a position of the circulation flow route that is
on the downstream side of the thermistor 9 and on the
upstream side of and near the heater 8, or more prefer-
ably a position of the tube forming the circulation flow
route where the rise of the temperature is slow (herein-
after, this position (referred to as the estimation position)
is taken as a representative example, and examples of
the estimation position that can be assumed include a
position on the upstream side of and near the heater 8,
a position of the bypass line L5 forming the circulation
flow route, and a position of a line branching off from the
dialysate introduction line L1 or the dialysate drain line
L2), or particularly preferably a position of the tube form-
ing the circulation flow route where the rise of the tem-
perature is slowest.

[0048] Thus, the relationship between the rise of the
temperature measured by the thermistor 9 and the time
period with which the required disinfection effect is guar-
anteed at the estimation position can be obtained, and
the washing-disinfection time (the hot-water-disinfection
time) can be obtained therefrom. The table created from
the values measured by the thermistor 9 under the re-
spective sets of conditions as described above (changes
in the temperature) and the values of the washing-disin-
fection time (the hot-water-disinfection time) correspond-
ing thereto is stored in the estimating device 11. Thus,
at the time of the hot-water-disinfection process, the hot-
water-disinfection time required for the hot-water disin-
fection under the set of environmental conditions at that
time can be estimated from the value measured by the
thermistor 9.

[0049] The hot-water-disinfection time estimated as
described above is displayed, as illustrated in Fig. 5, on
the monitor screen M included in the blood purification

10

15

20

25

30

35

40

45

50

55

apparatus and is notified to a medical staff therearound.
Specifically, the monitor screen M displays various piec-
es of information required, including a display part M1 in
which the sum of the hot-water-disinfection time and the
required washing time (the time period for washing with
washing water) is displayed, a display part M2 in which
the hot-water-disinfection time and the required washing
time are displayed, and a remaining time M3 before the
completion of the hot-water disinfection. According to the
presentembodiment, the calculating device 12is capable
of calculating the completion time of hot-water disinfec-
tion (the point of time after the elapse of the hot-water-
disinfection time from the present time) from the hot-wa-
ter-disinfection time estimated by the estimating device
11. Therefore, the completion time may also be displayed
on the monitor screen M.

[0050] The present embodiment concerns a case
where a parameter regarding environmental conditions
is detected by the thermistor 9 (the temperature-meas-
uring device). Alternatively, another detecting device that
is capable of directly detecting environmental conditions
(such as the input voltage of the heater 8, the supply
water temperature, and the ambient temperature) or yet
another detecting device that is capable of detecting an-
other parameter regarding such environmental condi-
tions may be employed. Moreover, instead of or in addi-
tion to the input voltage of the heater 8, the supply water
temperature, and the ambient temperature, other condi-
tions may be detected.

[0051] The above embodiment employs the detecting
device (the thermistor 9) that is capable of detecting en-
vironmental conditions at the time of the hot-water-dis-
infection process in which a tube is disinfected with hot
water or a parameter regarding the environmental con-
ditions, and the estimating device 11 that estimates the
hot-water-disinfection time required for the hot-water dis-
infection of the tube (the optimum hot-water-disinfection
time that guarantees the disinfection effect) from the en-
vironmental conditions or the parameter regarding the
environmental conditions detected by the detecting de-
vice. Therefore, the hot-water-disinfection time can be
optimized with consideration for the environmental con-
ditions. The above embodiment further employs the cal-
culating device 12 that calculates the completion time of
the hot-water disinfection or the remaining time before
the completion of the hot-water disinfection from the hot-
water-disinfection time estimated by the estimating de-
vice 11. Therefore, if the apparatus is configured to dis-
play the result of this calculation, the operator can rec-
ognize the completion time of the hot-water-disinfection
process.

[0052] The above embodiment further employs the cir-
culation tube for forming the circulation flow route that
allows liquid to circulate in the hot-water-disinfection
process, the heater 8 (the heating device) capable of
heating the liquid that circulates through the circulation
flow route and generating hot water that is at a temper-
ature required for hot-water disinfection, and the thermis-
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tor 9 (the temperature-measuring device) capable of
measuring the temperature of the liquid heated by the
heater 8. The detecting device corresponds to the ther-
mistor 9 (the temperature-measuring device). The value
measured by the thermistor 9 is taken as a parameter
regarding the environmental conditions. Therefore, the
required hot-water-disinfection time can be estimated by
using the thermistor 9 that is intended for measuring the
temperature of the tube during the blood purification
treatment. Note that the required hot-water-disinfection
time can be estimated by using the heater 8 (the heating
device) and the thermistor 9 (the temperature-measuring
device) because the heater 8 and the thermistor 9 are
provided to the circulation flow route.

[0053] The estimating device 11 according to the
present embodiment has the table for obtaining the hot-
water-disinfection time from the value measured by the
thermistor 9, and the table is prepared in accordance with
the correlation, under certain environmental conditions,
between the value measured by the temperature-meas-
uring device and the temperature at the position of the
circulation flow route where the rise of the temperature
with the heating by the heater 8 (the heating device) is
slowest. Therefore, the required hot-water-disinfection
time can be estimated more precisely and more smooth-
ly. In particular, the thermistor 9 (the temperature-meas-
uring device) according to the present embodiment is
provided on the downstream side of the heater 8 (the
heating device) (particularly, on the downstream side of
and near the heater 8). That is, the thermistor 9 is pro-
vided at a position where the rise of the temperature with
the heating by the heater 8 is quick. Hence, the required
hot-water-disinfection time can be estimated more quick-
ly.

[0054] At least one of the sets of environmental con-
ditions summarized in the table stored in the estimating
device 11 may be identified from the value measured by
the thermistor 9 (the temperature-measuring device). For
example, as illustrated in Fig. 6, if the thermistor 9 is
provided at a position of the dialysate introduction line
L1 thatis on the upstream side of and near the heater 8,
the supply water temperature among the environmental
conditions can be identified. Alternatively, as illustrated
in Fig. 7, if the thermistor 9 (the temperature-measuring
device) is provided at each of a position on the upstream
side of and near the heater 8 and a position on the down-
stream side of and near the heater 8, the input voltage
of the heater 8 and the supply water temperature among
the environmental conditions can be estimated and iden-
tified. Alternatively, as illustrated in Fig. 8, if the thermistor
9 is provided at each of a position of the dialysate intro-
duction line L1 that is near the distal end thereof and a
position of the dialysate drain line L2 thatis near the distal
end thereof (on the side where the connecting tools C1
and C2 are connected to each other), the ambient tem-
perature among the environmental conditions can be
identified. As described above, if at least one of the en-
vironmental conditions summarized in the table can be
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identified from the value measured by the thermistor 9
(the temperature-measuring device), the estimation can
be made without the consideration for the other environ-
mental conditions summarized in the table (the estima-
tion can be made from the identified environmental con-
dition). Therefore, the required hot-water-disinfection
time can be estimated more precisely and more quickly.
[0055] While blood purification apparatuses according
to some embodiments has been described above, the
present invention is not limited thereto. The thermistor 9
serving as the temperature-measuring device may be
provided atany other position of the circulation flow route.
For example, as illustrated in Fig. 9, the thermistor 9 may
be provided to the bypass line L5 (the circulation tube),
and the hot-water-disinfection time required for the hot-
water disinfection of the tube may be estimated by the
estimating device 11 from the value measured by the
thermistor 9.

[0056] Alternatively, as illustrated in Fig. 10, a voltme-
ter 13 capable of directly measuring the input voltage of
the heater 8 may be employed. In such a case, the value
measured by the voltmeter 13 may be detected as one
of the environmental conditions, and the hot-water-dis-
infection time required for the hot-water disinfection of
the tube may be estimated by the estimating device 11
from the measured value. Moreover, another parameter
(such as changes in the input control value (the operating
ratio) of the heater 8 or the like) instead of the temperature
measured by the thermistor 9 (the temperature-measur-
ing device) or the voltage measured by the voltmeter 13
may be taken as a parameter regarding the environmen-
tal conditions. Specifically, the pressure of the liquid flow-
ing in the tube, or any other parameter may be taken.
[0057] Instead of the blood purification apparatus in-
cluded in a central system as described in the above
embodiment, a personal dialysis apparatus (an appara-
tus capable of performing dialysis treatment with a dia-
lysate at a predetermined concentration that is prepared
by mixing undiluted dialysate and clean water together
in a dialysis-apparatus body) is also acceptable. On the
other hand, the timing with which the estimating device
11 estimates the hot-water-disinfection time required for
hot-water disinfection is not limited to a point at the time
of the hot-water-disinfection process. The estimation
may be performed at the time of, for example, a dialysate-
washing process (a washing process) performed before
the hot-water-disinfection process, or at the time of a
process of self-diagnosis of the tube (that is, the hot-
water-disinfection time may be estimated before the hot-
water-disinfection process is started). Moreover, the pa-
rameter, such as the temperature, used by the estimating
device 11 may also be used for the diagnosis of any ab-
normality of the tube, any malfunction of the heater 8, or
the like.

Industrial Applicability

[0058] The blood purification apparatus may have any
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additional functions, as long as the apparatus includes a
detecting device thatis capable of detecting environmen-
tal conditions at the time of the hot-water-disinfection
process in which a tube is disinfected with hot water, or
aparameter regarding the environmental conditions, and
an estimating device that estimates the hot-water-disin-
fection time required for the hot-water-disinfection of a
tube in accordance with the environmental conditions or
the parameter regarding the environmental conditions
detected by the detecting device.

Reference Signs List

[0059]

O ~NO OB WN -

blood circuit

dialyzer (blood purification device)
blood pump

air-trap chamber

duplex pump

ultrafiltration pump

filtration filter

heater (heating device)

thermistor (temperature-measuring device)
control device

estimating device

calculating device

voltmeter

dialysate introduction line (tube)
dialysate drain line (tube)

bypass line (circulation tube)

Claims

A blood purification apparatus provided with a blood
purification device for giving dialysis treatment to a
patient, and with a tube for introducing dialysate into
or discharging drain liquid from the blood purification
device, the apparatus comprising:

a detecting device that is capable of detecting
an environmental condition at a time of a hot-
water-disinfection process in which the tube is
disinfected with hot water or a parameter regard-
ing the environmental condition; and

an estimating device that estimates a hot-water-
disinfection time required for the hot-water dis-
infection of the tube in accordance with the en-
vironmental condition or the parameter regard-
ing the environmental condition detected by the
detecting device.

The blood purification apparatus according to Claim
1, further comprising a calculating device that calcu-
lates, from the hot-water-disinfection time estimated
by the estimating device, a completion time of the
hot-water disinfection or a remaining time before a
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completion of the hot-water disinfection.

3. The blood purification apparatus according to Claim

1 or 2, further comprising:

a circulation tube for forming a circulation flow
route that allows liquid to circulate in the hot-
water-disinfection process;

a heating device capable of heating the liquid
circulating through the circulation flow route and
generating hot water at a temperature required
for hot-water disinfection; and

a temperature-measuring device capable of
measuring a temperature of the liquid heated by
the heating device,

wherein the detecting device is the temperature-
measuring device, and a value measured by the
temperature-measuring device is the parameter
regarding the environmental condition.

The blood purification apparatus according to Claim
3, wherein the heating device and the temperature-
measuring device are provided to the circulation flow
route.

The blood purification apparatus according to Claim
4, wherein the temperature-measuring device is pro-
vided on a downstream side of the heating device.

The blood purification apparatus according to Claim
5, wherein the temperature-measuring device is pro-
vided on the downstream side of and near the heat-
ing device.

The blood purification apparatus according to any of
Claims 4 to 6, wherein the estimating device has a
table created for obtaining the hot-water-disinfection
time from the value measured by the temperature-
measuring device, the table being prepared in ac-
cordance with a correlation, under a certain environ-
mental condition, between the value measured by
the temperature-measuring device and a tempera-
ture at a position of the circulation flow route that is
on adownstream side of the temperature-measuring
device and on the upstream side of the heating de-
vice.

The blood purification apparatus according to any of
Claims 4 to 6, wherein the estimating device has a
table created for obtaining the hot-water-disinfection
time from the value measured by the temperature-
measuring device, the table being prepared in ac-
cordance with a correlation, under a certain environ-
mental condition, between the value measured by
the temperature-measuring device and a tempera-
ture at a position of the circulation flow route that is
on adownstream side of the temperature-measuring
device and on the upstream side of and near the
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heating device.

The blood purification apparatus according to any of
Claims 4 to 6, wherein the estimating device has a
table created for obtaining the hot-water-disinfection
time from the value measured by the temperature-
measuring device, the table being prepared in ac-
cordance with a correlation, under a certain environ-
mental condition, between the value measured by
the temperature-measuring device and a tempera-
ture at a position of the circulation flow route where
arise of the temperature with the heating by the heat-
ing device is slow.

The blood purification apparatus according to any
of Claims 7 to 9, wherein at least one of the environ-
mental conditions summarized in the table is identi-
fiable from the value measured by the temperature-
measuring device.
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